Answers 



Book 4 Electricity and Magnetism 


1 Electrostatics 

1.1 Electric charges 

1 friction 

2 positive, negative 
repel, attract 

3 coulomb, C 

4 atoms 

i Electron 

ii Proton 

iii Neutron 

5 gains, loses 

6 

7 

8 

Example 1 

A negative charge is induced on ball B on the 
side facing ball A and a positive charge is 
induced on the side away. The attraction 
between ball A and the negative induced 
charge is greater than the repulsion between 
ball A and the positive induced charge. 
Therefore, the balls attract each other. 

9 Coulomb’s 

p _ Q 1 Q 2 
4k £ 0 r 2 

permittivity 

10 third 
Example 2 

Consider the force due to Q i, 

F _ 8162 
O . 2 

4ns 0 r 


Neutral 


Negatively-charged 

< 

Positively-charged 

> 


conductors, insulators, free electrons 
induced 



The force on Q 2 is attractive and points 
towards the right . 

Resultant force 
= F3 - F\ 

= 2.70-1.80 

= 0.90 N (towards the right) 

Example 3 

(a) Since ball A is at rest, the net force in the 
vertical direction = 0. 

T cos 10° = mg = 0.01 x 10 = 0.1 N 
T = 0.102 N 

(b) F = T sin 10° = 0.102 x sin 10° = 0.0176 N 

(c) By F= QaQ \ , 

4% s 0 r~ 


Qb 


F x 47t£ 0 r 2 

Qa 

0.0176 x 4k x 8.85 x KT 12 x 0.05 2 
2xl0~ 8 9 10 


= 2.45 x 10~ 7 C 

.'. Ball B carries a charge of 2.54 x 10~ 7 C . 

11 


12 earthing 
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Example 4 



(b) Sphere A is negatively charged and sphere B is 
neutral . 

13 Van de Graaff generator 

Expt lb 


1 attracted, repelled 

3 Sparks 

4 current 

Example 5 

(a) The ball is first attracted to the dome and 
keeps touching the dome upon contact. 

(b) Touch the dome with an earthed conductor. 
(Or other reasonable answers.) 


1.2 Electric field 

2 field lines 

3 positive, negative, direction, strength 

Expt lc 

shape 

4 vector, N C 1 

5 E = 

4ns 0 r 

Example 6 

Electric field strength 


Qa 

4KS Q r 2 


3xlO~ 8 

4n (8.85 xl(T 12 )(0.2) 2 


= 6.74 x 10 3 N C -1 


Example 7 

Electric field strength due to B 


Qb 

4K£ Q r 2 

2xl(T 8 

47t (8.85 x ICE 12 ) (0.2) 2 


= 4.50 x 10 3 N CL 1 

(pointing to the right at 30° to the 
vertical) 

Similarly, 

Ec = 4.50 x 10 3 NC-‘ 

(pointing to the left at 30° to the 
vertical) 

Eresultant = E B COS 30° + E C COS 30° 

= 4.50 x 10 3 x cos 30° x 2 
= 7.79 x 10 3 N C 1 (pointing upwards) 
6 surface charge density 

E = 

•E) 

Cm - 2 


1.3 Electric potential 


1 

2 

3 

4 

5 


work done, qEd 
0, -ve 


scalar, volts (V) 


V AB = 


APE 

q 


v = 


Q 


4ns 0 r 

Example 8 

Electric potential difference between points A 
and B=Vb-V a = 10 V 


Q 


Q 


4k£qT b 4 7i o { i v 


= 10 


Q 


Q 


4ks q 

1 


1 1 


O' A 

\ 


K'B 


'A J 


1 


4% (8.85 xl0~‘") V0-15 - 0.04 0.15 


= 10 


= 10 


Q = 4.59 xlO~ 10 C 


Example 9 


By 


V = 


Q 

4n £ 0 r 


electric potential due to A 

3xME 8 

4k (8.85 x 10 12 )(x/ 0.2 2 + 0.1 2 ) 
= 1.2063 x 10 3 V 
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electric potential due to B 
-5xl(T 8 

An (8.85 xlO ,2 )(Vo.3 2 +0.1 2 ) 

= -1.4217 x 10 3 V 

Overall electric potential at X 

= 1.2063 x 10 3 + (-1.4217 x 10 3 ) = -215 V 

7 £=^ 

d 

Example 10 

(a) By 

a 

V= Ed = 5000 x 0.1 =500 V 

(b) APE = qV 

= (-1.6 x 10- 19 ) (-500) 

= 8 x 10 17 J 

The gain in PE is 8 x 10~ 17 J . 

1 ? 

(c) Initial KE = — mv " 

2 

= ^■(9.1 xlO -31 ) (1.5 xlO 6 ) 2 

= 1.02 x 10 18 J 
< APE 

.'. The electron cannot reach the negative 
plate. 

8 Equipotential, perpendicular 

9 slope 
negative 

Example 11 

V = -Ex = — (— 1)(8) = 8 V 

2 Electric Circuit 

2.1 Electric current 

1 positive, negative, opposite 

2 Oment = ch " se |7 = g) 

time V t ) 

amperes (A) 


2.2 Electromotive force and 
potential difference 

1 electric potential 

2 voltage, volts (V) 

Voltage = £!lSSf v = £'l 
charge ^ Q J 

3 source, electromotive force 

4 potential difference 

Example 2 

(a) ‘E.m.f. of 3 V’ means 3 J of electric potential 
energy is imparted by the battery for each 
coulomb of charge passing through it. 

(b) Charge flowing through the battery in 5 min 
= It = 0.5 x (5 x 60) = 150 C 

Energy provided = QV = 150 x 3 = 450 J 
.'. 450 J of electric potential energy is 
provided by the battery in 5 minutes. 

6 voltmeter, voltage sensor 
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8 



9 equal to 
Example 3 

(a) AB = 6 V 

(b) AC = 4 V 

(c) AD = 0 V 

(d) A£ = 4V 

(e) BD = 6 V 

(f) BE = 2V 

10 does not depend 

11 series, parallel 
e.m.f., currents 

2.3 Resistance 

, . voltage across conductor 

1 Resistance= 

current through conductor 



ohms (Q) 

Example 4 

^ k 220 , 

R 24 

2 ammeter, voltmeter, multimeter 
Expt 2a 

origin 

resistance 

3 Ohm’s law, directly 

Example 5 

V 5 

(a) Resistance= — = — = 0.511 
I 10 



4 ohmic, non-ohmic 

Example 6 

(a) (i) When V = 4 V, / = 1.1 A . 

V 4 

R = - = — = 3.64 Q 

I 1.1 


(ii) When / = 0.6 A, V = 1.8 V . 




(b) The proportional relation is not obeyed when 
the current through the wire is large enough to 
heat up the wire sufficiently. As a result, the 
resistance increases . 

Expt 2b 

does not obey 
increases 

5 increases, lower 

6 R oc l (constant A) 

R oc — (constant Z) 

» 1 D l M 

=>Rcc — or R = p — or p = 

A A l 

7 oppose, 12 m 

8 low, high 
Example 7 

(a) Area A = nr 2 

= 71 x (0.5 x 10- 3 ) 2 

= 7.85 X 10- 7 m 2 

„ . . . RA 
Resistivity p = -j- 

_ 0.6x7.85 xlO" 5 
" 07 

= 6.73 x 10' ~ 7 Q m 
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(b) Since R x l. 


3l = Il 
r 2 l 2 


V 12 

Resistance of X = — = — =80 
/ 1.5 

(b) Let R be the equivalent resistance. 


R 2 - R 1 x — 


= 0.6 x - 
2 

= 0.3 0 


.'. The new resistance is 0.3 O . The 
new resistivity is 6.73 x 10~ 7 O m . 
Fixed, variable, variable 


1-1 1 

R~ 8 2 


R = 1.6 O 


(c) Total current in the main circuit 
V 12 

= - = — = 7.5 A 
R 1.6 

Example 10 

(a) Let R be the equivalent resistance of A , B and 


11 To the left 


2.4 Resistors in series and in 


parallel 

V= Vi + v 2 


IR eq = IRl + IR 2 = KR, + Ri) 

=> R e q = Rl + R 2 

Re q = Rl + Rl + . . . + Rn 
higher 

I = h+h 


V _ V | V 1 | 1 


/? eq ^1 R 2 


R\ R 2 


11 1 

Req Rl R 2 


111 1 
^eq ^1 R 2 R n 


Example 8 

(a) Equivalent resistance 

= Ri+R 2 + R3 = 6 + 5 + 1 = 120 

(b) Current flowing through each resistor 

V 9 

= - = -= 1.5 A 
R 6 

. ‘ . Voltage of the battery 
= IR= 1.5 x 12 = 18 V 

Example 9 

(a) Voltage across each resistor is 12 V . 


- = - => /? = 4.8 Q 

R 10 + 2 8 

.'. The equivalent resistance of the whole 
circuit is 4.8 O . 

(b) Current through the battery 

= V=± = 125A 
R 4.8 

V 6 

(c) Current through C = — = — = 0.75 A 

R 8 

(d) Current through A 

= current through the battery - 
current through C 
= 1.25-0.75 =0.5 A 
Voltage across A = 0.5 x 10 = 5 V 
5 zero, hot 


2.5 Resistance of ammeters, 

voltmeters and power sources 

1 small, increases, smaller 
low 

Example 11 

If the ammeter has a large resistance, the 
equivalent resistance of the circuit will be 
large . Therefore, the ammeter will give a 
reading much smaller than the theoretical 
value through the resistor. 
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Example 12 

V 3 

(a) /= — = — = 0.25 A 

R 12 



Ammeter A 

Ammeter B 

Ammeter 

reading 

0.231 A 

0.176 A 


(c) Ammeter A gives a more accurate result due 

to its smaller internal resistance. 

2 large, decreases, smaller 
high 

Example 13 

V 9 

(a) I = = = 0.01 A 

R x +R l 300 + 600 

V=IR l = 0.01 x 600 = 6 V 



Voltmeter A 

Voltmeter B 

Voltmeter 

reading 

5 V 

5.99 V 


(c) Voltmeter B gives a more accurate result due 
to its higher internal resistance. 

3 terminal voltage, internal resistance 

4 V + Ir 

Example 14 


(a) (i) R l = -±- = 


(ii) R 2 =-± = 


7.5 x 10 ' 
7.8 


= 10 700 Q 


= 9750 Q 


(b) Percentage error in method 1 

= 10 700-10500 xl(X)% = 190% 

10 500 

Percentage error in method 2 

= 10 500 - 9750 x iqq % _ 7 7Q % 

9750 

(c) Internal resistance of ammeter Ra 
= Ri- 10 500 

= 200 0 

Let f?ybe the internal resistance of voltmeter. 


1 J__J_ 

R v R R-, 


. ‘ . Internal resistance of voltmeter R v is 
137 kO . 

(d) Method i is a better way for measuring large 
resistance. Since the resistance of ammeter is 
much smaller than the resistor, the voltage 
across the ammeter is negligible compared to 
that across the resistor. Therefore the voltmeter 
can give a more accurate reading to the 
resistor. 


3 Domestic Electricity 

3.1 Electrical power and energy 

1 electrical energy 

_ enel 'gy 


Power = - 


t 


R v 10 500 9750 

R v = 137 kO 


watt (W) 

Example 1 

A current of 2 A means charges pass through 
the battery at 2 C per second. 

Let V be the e.m.f. which means the amount of 
energy imparted to each coulomb of charge. 

P = rate of electrical energy supplied by the 
battery 

= the amount of energy imparted to total no. 
of charges per second 

P = V x I or V = — 

I 

V = — = 6 V 
2 

.‘. The voltage of the battery is 6 V . 

2 e.m.f., current 

Power of a source = e.m.f. x current 
i.e. P = e.m.f. x I 

3 Power of a load = p.d. x current 

i.e. P = VI 

4 p = VI = IRxI = PR 

V V 2 

P=VI = Vx—= 

R R 
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E , V- 

P = — = VI = I 2 R = 

t R 

Example 2 

Current through each resistor is the same. 
=> Power and resistance are related as 

p l= r l 
P 2 R 2 

For the 6-0 resistor, 

20 5 

— = — => 

P 2 6 

For the 1-0 resistor, 

20 5 


P 2 = 24 W 


1 


P 2 = 4 W 


Example 3 

Let Rx be the resistance of the resistor. 


1 


1 


1 


R. 


eq 


R y R> 


bulb 


R x = 


N-l 


y R eq 


24 
= 12 0 


bulb 

-1 


v 

By P = - — , 
Rx 


12 

P = = 12 W 

12 

5 rated value, voltage rating, power rating 

Example 4 

(a) Since the bulbs are identical, the amounts of 
energy carried by the charges to each bulb are 
the same. Therefore, both bulbs are of the 
same brightness . 

V 2 

(b) (i) By /> = — , 

R 


V 220 

R, = — = ——=96.8 0 
1 P 500 

v 2 no 2 

Power of L\ = — = = 125 W 

R 96.8 


Power of U= 100 W 


(ii) L\ has a larger power and is therefore 
brighter. 

V 2 t 

6 E = Pt = VIt =l 2 Rt = 

R 

J 

Example 5 

By E = Vlt, 



Vt 

330x10 3 
~ 220 x (5 x 60) 

= 5 A 

7 kilowatt-hour meter, kilowatt-hour (kW h) 

Example 6 

Energy consumed in switching on the TV 

= Pt = 0.18 x 8 = 1.44 kWh 

Energy consumed in switching on the lamp 

= 0.02 x 10 = 0.2 kW h 

Energy consumed in switching on the 

air-conditioner 

= 1.5x6 = 9 kWh 

Total cost = (1.44 + 0.2 + 9) x 0.9 = $9.58 
.'. $9.58 of energy is consumed by Jimmy in 
a day. 

3.2 Mains electricity and household 
wiring 

1 alternating current 

O OyO 

2 direct current 

+ - 

o o 

3 220, 50 

4 (i) neutral 

(ii) live 

(iii) earth 

5 live, neutral, live, neutral, 0 

6 ii earth 

iv three -pin 

7 fuse, live 
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8 

i earth wire 

12 

three-pin plug, socket 


ii neutral wire 


0) 

earth pin (E) 


iii fuse 


(ii) 

live pin (L) 


iv live wire 


(iii) 

neutral pin (N) 

9 

melt, overheating 


(i) 

earth hole 

Example 7 


(ii) 

neutral hole 


Current through the induction cooker 


(iii) 

live hole 


= P = 1800 = 8.18 A 

13 


shutters 


V 220 


ii 

earthed 


Since the current is larger than the fuse value. 

14 

live, neutral, consumer 


the 5- A fuse will melt before the induction 

15 

two- 

■way switch 


cooker operates at its rated power. Therefore, 
the fuse is not suitable for this induction 
cooker. 

Example 8 

Bulbs X and Y are still live even when the 
switch is open. Touching the bulbs can be 
dangerous since there is a potential difference 
between the bulbs and the person. 

The correct wiring should be: 

fuse 



neutral 


Example 9 

(a) By P = IV, rated current through the lamp 
P 40 


(b) 


V 220 
5A 


= 0.182 A 


= 27.5 


0.182 A 

Only 27 lamps can be connected to the circuit. 
Therefore, it is not possible to connect 30 
lamps in parallel to the mains. 

10 metal case 

11 double insulation 


Example 10 

(a) A: neutral wire 
B: live wire 

C: two-way switches 

(b) Thinner wires can be used if the wires branch 
out into parallel circuits. Cables with lower 
ratings are much cheaper than those with 
higher ratings. 

Moreover, if there is only one main circuit, 
only one circuit breaker at a high current 
rating will be fitted. If an electrical appliance 
running on a lower current becomes faulty, the 
circuit breaker may not break the circuit. 

(c) The current flows through B should not exceed 
5 + 15 + 30 = 50 A 

Therefore, a 60-A cable should be used at B. 

16 ring main 

Example 11 

, . , P 1200 

(a) I = — = = 5.45A 

V 220 

(b) As the fan and the iron are connected in 
parallel , a fault in iron will not affect the fan. 
Therefore, the fan can operate normally. 
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4 Electromagnetism 

E 

4.1 Magnetic field 

1 repel, attract 

Example 1 

Identify the two that attract each other. One of 
them should be a bar magnet and the other 
should be a cobalt bar . The remaining one 
must be a copper bar. 


magnetic field (B-fteld) 


Expt 4a 


3 -dimensional 

magnetic field lines, N, S, direction 

strength 

neutral 



permeability 
7 vector, tesla (T) 

Example 3 

(a) g = M = ^x 10 - 7 X 5) =i:25xl0 - 5T 

2jtr 2 ji (0.08) 

(b) B x = 1.25 x 10- 5 T 

^/ = (4ttxlO- 7 )(2) =5xl() - 6T 
2nr 2n (0.08) 

(i) According to the right-hand grip rule for 
straight wire, Bx and By have the same 

direction. 

The magnitude of the resultant magnetic 
field is 

B x + By = 1.25 x 10~ 5 + 5 x 10- 6 
= 1.75 x 10 5 T 

(ii) According to the right-hand grip rule for 
straight wire, Bx and By have opposite 

direction. 

The magnitude of the resultant magnetic 
field is 

B x - By = 1.25 x 10~ 5 - 5 x 10 6 


7 compasses 

8 north 
Example 2 

(a) A: south 
B: north 
C: north 
D: south 

(b) At N, magnetic field due to the two N-poles 
and the two S -poles cancel out each other. 
Therefore, the magnetic field at N is zero . 


4.2 Magnetic field of electric 
currents 


circular 


strongest 

right-hand grip rule 
current, field lines 


: 7.5 X 10- 6 T 


circles 


ii strongest 

iii stronger 

iv remains unchanged 
straight, loops 


10 B = 22L_ 

2 r 

11 i straight, evenly-spaced 

12 right-hand grip rule 
current, field lines 

Un NI 

13 B = = ju 0 nl 


Example 4 

(a) A: south pole 
B: north pole 
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(b) 


(0 

14 


15 

16 


B . MqNI 


(4, x 10-0(180X5) =377 xl0 - 3 T 
0.3 


The answer in (b) will be halved . 

i increasing 

ii increasing 

iii soft-iron core 
magnetized, demagnetized 
soft-iron, retains 


Example 5 

(a) 

N 


(b) (i) Becomes weaker 
(ii) Remains unchanged 

(c) Insert a steel coil inside the solenoid before the 
current is switched off. 

17 electromagnet 

18 i increasing 

ii increasing 

iii soft-iron core 

19 Maglev, buzzers, electric bells, telephones 

20 float, propulsion 

21 magnetized, gong, demagnetized 

22 vibrates, current, magnetic field 


4.3 Current-carrying conductor in a 
magnetic field 

1 (i) magnetic force 

(ii) B -field 

Example 6 

(a) Since an electron carries a negative 
charge, the direction of the current is 
opposite to the direction of travel, i.e. 
upwards . 

(b) The magnetic force points into the paper . 

2 i increased 

ii greater 

iii increased 


3 B , / 

B, I 
/, l 

F = BIl 
Example 7 

(a) Upward 

(b) (i) F = BIl 

= 0.5 x 3 x 0.07 
= 0.105 N 

(ii) As the magnetic forces acting on the 
wire and the magnet form an 
action-and-reaction pair, the 
direction of the force acting on the 

magnet is downward . 

Therefore, the balance reading decreases 
when the wire is removed. 

Balance reading 

= 158 147.5 g 


0.01 


4 F = BIl sin (9 

Example 8 



F = BIl sin 8 
= 0.8 x5 x 1 
x sin (90°-30°) 
= 3.46 N 

F = BIl 

= 0.8 x5 x 1 
= 4 N 


Example 9 

(a) B = 

2 nr 

_ (471 x 10 )(27) 

2n (0.2) 

= (2xKT 6 )/T 

( b ) F = BIl = [(2 x 10- 6 ) /](/)( 1 ) = (2 x 10 - 6 )/ 2 N 

(towards right) 

(c) Her statement is incorrect . According to 
Newton’s third law, the forces acting on both 
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wires are an action-and -reaction pair. They 
have the same magnitude but in opposite 
directions. 

g P _ 

2nr 

7 infinitely long thin straight parallel 

8 electric motors, moving-coil loudspeakers 

9 electrical, kinetic 

10 clockwise, zero, inertia 

11 carbon brushes, commutator 

12 current 

Example 10 

(a) Side AS: upward 

Side BC: no magnetic force acting on it 

Side CD: downward 

Side AD: no magnetic force acting on it 

(b) Clockwise 

(c) When the coil is vertical, the magnetic forces 
act along the same line and cancel out each 
other, and the turning effect becomes zero . 
Therefore, the coil finally stops and lie 
along the vertical. 

(d) Connect the two ends of the coil to the 
power supply via a commutator and two 
carbon brushes . 

(e) The commutator reverses the current through 
the coil, when it changes contact from one 


brush to the other. This also reverses the forces 
acting on the coil also reverse. Therefore, the 
coil keeps rotating in the same direction. 

i increasing 

ii increasing 

iii increasing 


iv increasing 


Example 11 


(b) (i) The direction of magnetic force reverses, 
(ii) The direction of magnetic force reverses. 

(c) Force acting on a single coil = BIl 
Since there are N turns of coils, F = NBII 

(d) Since the area of the square coil is doubled, 
new length of the coil is 421 . According to 
F = NBII, F oc / if N, B and I are constant. 
Therefore, the answer in (c) increases by a 
factor of 42 . 


14 ii 


armature 


iii Curved 

15 electromagnets, B-fteld 

16 vibrate, sound waves 


4.4 Hall effect 

1 i randomly, negligible, zero 
ii opposite, drift 

2 opposite 

? , £?totai nAlQ 


I = nAvQ 


Example 12 


Magnitude of current 
= nAvQ 

= 10 29 x (0.196 x 10- 6 ) x (4 x 10 5 ) 
x (1.6 x 10- 19 ) 

= 0.13 A 

F = B(nAvQ)l sin (9 

F BnAvQl sin 6 


=> Fq = BQv sin 9 
Fleming’s left-hand 
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perpendicular, zero, constant 


Example 13 


The direction of current is the same as the 
moving direction of proton. By Fleming’s 
left-hand rule, the direction of the magnetic 
force on the proton is downward . 

F = BQv sin 9 

= (3.5 x 10- 3 ) (1.6 x FT 19 ) (2.2 x 10 7 ) 
(sin 60°) 

= 1.07 x 10- 14 N 
Hall voltage. Hall effect 
Fe = Fb 
QE = BQv 

E = Bv (1) 


V H = Bvd 


(0-5X3) 

(8 x 10 -6 )(1 .6 x 10 -19 )(0.02) 
= 5.86x10 25 nT 3 


11 Hall probe, circuit box, probe head 

Expt 4i 

should 


Example 15 


(a) V„= — 


= (4.5X3) 

(19 x 10 28 )(— 1.6 x 10~ 19 )(0.5 x KT 2 ) 
= -8.88 x 10~ 8 V 


{b) Vh= — 
nQt 


(4.5)(3) 


(10 25 )(1 .6 x 10 ~ 19 )(0.5 x 10 ^ 2 ) 
= 1.69 xl0~ 3 V 


9 current direction 

10 Hall voltage 

Example 14 

(a) By Fleming’s left-hand rule, the magnetic 
force is acting upwards . Therefore the charge 
carriers accumulate on the top surface. As the 
top surface has a higher potential, the sign of 
the charge carriers is positive . 

(b) Since the electric force balances the magnetic 


Example 16 

(a) F = BQv 


= (8 x 10- 3 ) (1.6 x 10- 19 ) (3 x 10 4 ) 
= 3.84 x 10- 17 N (upwards) 


X X X X X X 


X X X X 


X X X XX X 


X X X X 


X X X X X X 


X X X X X X 


X X X X X X 


X X X X X X 


force and E = — — , we have QE = BQv , 
d 


B Bd 


(0.5)(5xKT 3 ) 
= 3.2xKT 3 ms 9 


When the proton enters the magnetic field, 
a magnetic force of a constant magnitude acts 
on it. The force is always perpendicular to the 
moving direction of the proton, providing a 
centripetal force for the proton to undergo 
circular motion. 


(c) By V H = — , 


(0 BQ\< = — 
r 


vm _ (3xlQ 4 )(1.67 x!0~ 27 ) 
BQ ~ (8x10" 3 )(1.6x10 _19 ) 

= 0.039 14 m = 0.0391 m 
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The radius of the path of proton is 
0.0391 m . 

(d) Period of circular motion 

= 2^ 2,(0.039 14) =8 20 x1Q -6 s 
v 3xl0 4 

. ‘ . Time taken for the proton to stay in the 
magnetic field = = 4.10 x 10~ 6 s 

5 Electromagnetic Induction 

5.1 Current generation in a magnetic 
field 

1 Electromagnetic induction 

2 magnetic, e.m.f. 

3 induced current 

5 i faster 

ii stronger 

iii more, increasing 
directly 

6 Lenz’s, Fleming’s right-hand 

7 oppose, oppose 

8 repel, attract 

9 electrical, obeys 

10 increases 

11 (i) external force F 

(«) magnetic field B 

(iii) induced current I 

Example 1 

(a) (i) By Fleming’s right-hand rule, the 

current induced on wire BC goes 
from B to C. Therefore, the direction 
of current is anticlockwise. 


direction of the current is anticlockwise , 
(b) As the wire moves parallel to the magnetic 
field lines, current will not be induced. 

Example 2 

(a) (') g X X x c x X X X 



(b) (i) There is still an induced e.m.f. across the 

wire but no current is induced. 

Expt 5c 

faster, increases 

Example 3 

(a) When the magnet enters the coil, an e.m.f. is 
induced across the coil. This is shown as a 
positive pulse in the graph. 

When the magnet leaves the coil, an e.m.f. is 
induced in opposite direction across the coil. A 
negative pulse is therefore shown in the graph. 


(b) v 



g 12 Magnetic flux (4>), weber (Wb) 

IS 


(ii) The coil encloses fewer magnetic field 13 

lines as it moves upwards. 


According 

to Lenz’s law, an induced current will 
flow in a direction so as to increase 



the magnetic field. Therefore the 


ch = BA (1) 

<T = (B cos 6)A = BA cos 6 
Magnetic flux linkage = N<S> 

B = ® 

A 

magnetic flux density, Wb nr 2 , tesla (T) 
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Example 4 


(a) B = 


VqNI 

l 


_ (4n:xl0 )(30)(15 xl(T 3 ) 

0.18 

= 3.14 xlO -6 T 

(b) cp = BA = (3. 14 x 10 6 )(tt x 0.02 2 ) 

= 3.95 x 10- 9 Wb 

NO = (30)(3.95 x 10- 9 ) = 1.18 x 10 7 Wb 
A<P 

16 e= 

At 

Lenz’s law 


§g , 7 

At At 

Example 5 

(a) O = BA 

= 1.8 x (0.05 x0.08 sin 45°) 
= 5.09 x 10 3 Wb 


(b) 


AO 

At 

BA 

At 


5.09 xMT 3 
5 


= -1.02 mV 



^ Exam P le 6 

(a) Induced e.m.f. e 

_ A<P _ _ ABA _ A B 
At At At 

= -in x 0.1 2 )(-0.02) = 6.28 x 10’ 4 V 

(b) Total resistance of the coil R 

= 1 fi nr 1 x (2 x 7i x 0. 1) = 0.628 O 

t . . s 6.28 x 10^ , 

Induced current = — = = 1 mA 

R 0.628 



(c) Radius of the new coil 
2 x ji x 0. 1 

= = 0.02 m 

5x2x71 

New induced e.m.f. s ne w 


. . AO ... A B 

= -N = -NA 

At At 

= -(5)(ji x0.02 2 X -0.02) = 1.26 x 10~ 4 V 


New induced current 

_ e new _ 1.26 x IQ- 4 
R 0.628 


= 0.2 mA 


.'. The new induced current is not the same as 
that of original coil. 


5.2 Generators and other 
applications of electromagnetic 
induction 

1 Generators, dynamos 

2 ii drop to zero 



iii opposite 



iv alternating 

3 slip rings, carbon brushes 

(i) carbon brushes 

(ii) slip rings 

5 greatest, zero 

6 i stronger 

ii increasing 

iii increasing 

v higher, higher 

7 the same as 
Example 7 

(a) Device X consists of slip rings and carbon 
brushes . 

(b) The current flows from A to B via the bulb. 
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(0 


current / A 


10 

11 

12 



commutator 

(i) carbon brushes 

(ii) commutator 
fixed, rotating 
electromagnet 
induced e.m.f. 


13 s = -N— = -NA — 
A t At 


Expt 5d 

increases 

increases, does not depend 
Expt 5e 

floating, at rest 

shorter 

stop 

14 eddy current, oppose 

15 low, heating, magnetic 

16 vibrates, a.c. 

17 high, heating 
19 magnetizes, a.c. 


1^3 6 Transmission of Electricity 

6.1 Alternating current 

1 magnitude, direction 


2 sinusoidal 

3 varying, half 

4 d.c. 

5 effective value 

6 P = I 2 R (1) 

P = I 2 R = I 2 R (2) 

Pdc = Idc 2 R (3) 

I 2 R = I dc 2 R 


/dc= V/ 2 (4) 

root-mean-square 

Irms = mean value of I^_ 

Vrms 

y 2 

P = i na 2 R = -^-=y na r na (5) 

K 

Example 1 

Effective value = / rms 

l 5 L±2l =3.8, A 
2 

P = I rns 2 R = 3.81 2 x 3 = 43.5 W 

7 V = Vq sin^ (6) 

' A, sin 2 ® (7) 

P = / 2 7? = |^/ 0 sin^j 7? = / 0 2 ^sin^j 

P = P 0 ^sin^-j (8) 

8 non-negative 

9 p = ^ p Q (9) 

=> / =^L 

rms 

=> y =^L 

rms 

Example 2 

For sinusoidal waveform, 
y = — = — = 4 24 V 

Vi V2 

For square wave, 

Vrms = Vo = 6 V 


6.2 Transformer and high-voltage 
transmission 

1 Mutual inductance 

2 i electromagnet, momentarily 
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oppose 

ii unchanged 

iii oppose, momentarily 

3 transformer, continuously, the same 

4 electrical, lost 

Efficiency = usefnlo " lp " t l , °' vef x 100% 
total input power 

5 any 

Primary voltage no. of turns in primary coil 


Secondary voltage no. of turns in secondary coil 

V N 

p _ p 

K N „ 


For an ideal transformer, 
input power = output power 
Vp/p = VJ S 

7 = 20x2 = oi82 A 

p V p 220 

Current in the primary coil 7 P is 0.182 A . 
(c) Voltage across the resistor 
= 220 -(10x2) = 200 V 

. R= V = 200 =1(X)Q 

I 2 


turns 


7 step-up, >, step-down, < 


15x5 

~ 240 x 0.6 
= 52.1% 


-xl00% 


L p 240 


(c) Turns ratio = voltage ratio = — = = 16 

v s 15 

8 Vp/ p = V s /s 

Yp__1±_ 

V s /p 

=> 

h N p 

Example 4 

V N 
(a) 

V t N s 

V„ 


, . P .. 220 

■N p = —xN s = 

V 10 + 10 


X 40 = 440 


The primary coil has 440 turns. 

(b) Current through the secondary circuit 

= ^=2A 
V 10 


(d) Power dissipated in the resistor 

= VI = 200 x 2 = 400 W 
400 

Percentage loss = x 100% = 90.9% 


220 x2 


Expt 6d 

9 i 

Resistance 


larger 


Thick 

Example 3 

ii 

Magnetization 

(a) 

This is because there is a step-down 


heat, soft iron 


transformer in the charger. 

iii 

Eddy 

(b) 

Efficiency = -sefnlou.pu.powc, 
total input power 

Expt 6e 

heating, laminated 


brighter than, power loss 
of similar brightness as 

10 high 

11 Alternating 

Example 5 

N 25 

(a) Turns ratio = — - = =1:16 

N s 400 

(b) (i) Current through the transmission line 

P 60 x 10 6 


= 150 A 

V 400 x 10 J 

Power loss in the transmission line 
= PR = 150 2 x 10 = 225 kW 
(ii) Percentage power loss 


2.25 x 10 2 
60 xlO 6 


x 100% =0.375% 
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